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Introduction
============

High blood pressure is the most important risk factor for premature death,[@ref1] and its global burden is increasing.[@ref2] Systolic blood pressure increases with age, whereas diastolic blood pressure reaches its maximum in middle age and decreases thereafter.[@ref3] Systolic blood pressure is a stronger predictor of death than is diastolic blood pressure in middle aged and older populations.[@ref4] Because of a notion that the general public and physicians may be confused by two blood pressure values, a focus on systolic blood pressure has recently been suggested in those age groups.[@ref5]

In younger people, the predominant blood pressure abnormality is a high diastolic blood pressure. The most common form of hypertension in young adults is thus isolated diastolic hypertension,[@ref6] [@ref7] when classifications based mainly on middle aged and older populations are used. Whether blood pressure limits recommended for middle aged and older people are applicable in adolescents is unknown. Because mortality is low in adolescents, no previous population based study has been large enough to investigate relations of systolic and diastolic blood pressures to mortality in this age group.[@ref8] Relations of systolic and diastolic blood pressures to risk of cardiovascular events have been reported in selected samples of college students and young industrial workers with questionable generalisability,[@ref9] [@ref10] [@ref11] and in the sample studied here.[@ref12] Because cardiovascular diseases contribute to only a small minority of all deaths in young adults, the importance of both systolic and diastolic blood pressures for all cause mortality as well as cause specific mortality should be investigated in this age group. Prevention of premature deaths has a higher priority than postponement of deaths in the older population,[@ref13] and prevention should be started early in life.[@ref8] Observations of rising blood pressures in adolescents, as a result of the obesity epidemic, are a further motivation for unravelling the relations of blood pressures to mortality in young people.[@ref14]

We hypothesised that both systolic and diastolic blood pressures in young adults contribute to risk of death and that diastolic blood pressure may be more important than systolic blood pressure. We further hypothesised that the relations of systolic and diastolic blood pressures to mortality in young people may be non-linear and that relations to cardiovascular and non-cardiovascular mortality may differ. We investigated the shape and magnitude of these relations by using a nationwide military conscription cohort of 1.2 million young men.

Methods
=======

Study sample
------------

Military conscription was mandatory by law for all male Swedish citizens at the time of the baseline of this study. We used data from the Swedish Military Conscription Registry for 1 207 329 men born between 1 April 1949 and 1 December 1976 who had conscription tests between 15 September 1969 and 20 December 1995 and had data on all key variables. The specifics of the data from this registry have been outlined in detail before.[@ref15] Only 2-3% of all Swedish men were exempted from conscription at this time, in most cases because of severe handicaps or chronic disease. A total amount of non-coverage in the registry of around 17% is mainly explained by accidental loss of data from 1978, 1984, and 1985 owing to changes in data management at the Conscription Authority. Because the statistical models used may be sensitive to extreme values, we excluded 176 extreme blood pressure outliers (\>(75th centile+3 × interquartile range) and \<(25th centile−3 × interquartile range)) and further excluded 12 men with a recorded pulse pressure less than 10 mm Hg. We eventually included 1 207 141 men with systolic blood pressures of 80 to 184 mm Hg and diastolic blood pressures of 30 to 120 mm Hg.

Baseline examinations
---------------------

Blood pressures were measured according to a written protocol. Systolic and diastolic blood pressures were measured after five to 10 minutes of rest in the supine position, with an appropriately sized cuff at heart level. In Sweden, this procedure has been viewed as the gold standard in clinical settings for many decades and is still the most prevalent. This approach to blood pressure measurement in the study might thus mirror standard practice in primary care clinics. Blood pressures in different postures differ by only a few mm Hg. A single blood pressure measurement was made if systolic blood pressure was 145 mm Hg or less and diastolic blood pressure was between 50 and 85 mm Hg. If measurements were outside these limits, blood pressure was measured a second time and the result of the second measurement was entered in the register and used in the analyses. Blood pressures were to be rounded to the nearest even number, but some rounding to the nearest 5 or 10 mm Hg also occurred. Pulse pressure was calculated as systolic minus diastolic blood pressure. Mean arterial pressure was calculated as diastolic pressure plus pulse pressure divided by three.

Body mass index was defined as weight (kg) in light clothing divided by height (m) without shoes squared. Elbow flexion, hand grip, and knee extension strength were measured according to a standard protocol and used as indicators of lean body mass.

Using data from the Swedish population and housing censuses in 1960, 1970, 1980, and 1990, we classified household socioeconomic position as the highest of maternal and paternal socioeconomic position. If both were missing, we used the socioeconomic position of the military conscript.

Follow-up and outcome parameters
--------------------------------

Using the unique personal identification number assigned to each Swedish citizen, we linked the Military Conscription Registry to the Swedish Causes of Death Registry and Statistics Sweden's emigration registers, which both cover the entire Swedish population. In the main total mortality models, we considered participants to be at risk from the date of conscription and until the earliest of three possible events: death, date of emigration, or 31 December 2006. We followed participants for a maximum of 37 years (median 24, range 0-37 years), which gave a total of 28 998 870 person years at risk. Apart from the 56 202 (4.7%) men who emigrated, no participants were lost to follow-up.

Causes of death up to the end of 2004 were known. In models investigating relations of blood pressures to risk of death from cardiovascular causes, non-cardiovascular causes, cancer, suicide, and other external causes, we followed participants until 31 December 2004, during 26 751 397 person years at risk. Other causes of death were too few to be studied separately. Death from other external causes includes unintentional injuries such as traffic accidents, poisoning, falls, drowning, violence, and fire.

In secondary models run to assess possible reverse causation, we did not consider participants to be at risk until five years after the date of conscription. These models included 1 197 989 participants and 22 982 760 person years at risk.

Statistical analysis
--------------------

Initially, we investigated distributional properties of all variables (web extra fig A). Thereafter, we used Cox proportional hazards models to investigate relations of blood pressures to risk of death. We initially sought to investigate the shape of those relations, and for that purpose we used multivariable regression spline models (a piecewise fitting of polynomial equations) with up to five degrees of freedom allowed for the blood pressure variables and one degree of freedom for continuous covariates. We placed knots at the fifth, 35th, 65th, and 95th centiles.[@ref16] We present results of these models graphically and by showing systolic and diastolic pressures corresponding to specified levels (10%, 25%, 50%, and 100%) of higher predicted relative risk of death (compared with nadir of risk) from these models. We calculated population attributable fractions of mortality due to blood pressures above or below some of these blood pressure levels. Because quantile based results may be intuitive, we also analysed mortality by fifths of blood pressures. We chose fifths in an effort to balance maximum power with reasonable ability to model non-linear relations.

We accounted for age by using age as the timescale in all models. We considered three sets of covariates (models A, B, and C) for all spline and quintile models. The A models were age adjusted models. The B models were multivariable adjusted basic models, with adjustment for age, conscription date (to account for birth cohort effects), and conscription centre (to account for geographical catchment areas and systematic errors of the centres). The C models were multivariable adjusted mechanistic models similar to B models with the addition of socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength (if blood pressures are on a substantial causal pathway between socioeconomic and lifestyle factors and mortality, adjustment for these factors will affect the blood pressure estimates). In secondary analyses, we investigated the common threshold levels of 140 mm Hg systolic blood pressure and 90 mm Hg diastolic blood pressure in models A to C.

We assessed proportional hazards assumptions by inspecting Schoenfeld residuals in B models. We investigated multiplicative interaction terms between fifths of blood pressure and body mass index, socioeconomic position, age, conscription date, and smoking in B models. For the purpose of illustrating any interactions, we present relations of fifths of systolic and diastolic blood pressures to mortality in subgroups of body mass index, socioeconomic index, age, and conscription date in B models in a figure.

Because data on smoking were available in only a small fraction of the sample (n=39 526) with the longest follow-up (conscription years 1969-70), we did secondary analyses of C models with and without additional adjustment for smoking, censoring participants at the median follow-up of the total sample (to obtain a case mix similar to the total sample).

We give two tailed 95% confidence intervals and P values. We used Stata 11 for all analyses.

Results
=======

Table 1[](#tbl1){ref-type="table"} shows baseline characteristics of the sample. During follow-up, 28 934 (2.4%) participants died, giving an incidence of 10.0 (95% confidence interval 9.9 to 10.1) per 10 000 person years at risk (table 2[](#tbl2){ref-type="table"}).

###### 

 Baseline characteristics. Values are percentages (numbers) unless stated otherwise

  Variable                                     Total sample     Fifths of systolic blood pressure                   Fifths of diastolic blood pressure                                                                                                      
  -------------------------------------------- ---------------- ----------------------------------- --------------- ------------------------------------ --------------- --------------- -- --------------- --------------- --------------- --------------- ---------------
  No of men                                    1 207 141        221 732                             270 830         242 337                              247 466         224 776            239 379         254 539         288 977         196 920         227 326
  Mean (SD) systolic blood pressure (mm Hg)    128 (11)         113 (4)                             122 (2)         129 (2)                              135 (2)         144 (6)            127 (11)        127 (11)        128 (11)        129 (10)        132 (10)
  Mean (SD) diastolic blood pressure (mm Hg)   68 (10)          65 (9)                              67 (9)          68 (10)                              68 (10)         70 (11)            53 (4)          62 (2)          69 (2)          74 (2)          82 (4)
  Mean (SD) mean arterial pressure (mm Hg)     88 (8)           81 (6)                              85 (6)          88 (7)                               90 (7)          95 (8)             78 (4)          83 (4)          88 (4)          92 (4)          99 (5)
  Mean (SD) pulse pressure (mm Hg)             61 (14)          48 (9)                              55 (9)          61 (10)                              67 (10)         75 (12)            74 (12)         65 (11)         59 (11)         55 (10)         51 (10)
  Mean (SD) age (years)                        18.4 (0.7)       18.4 (0.7)                          18.4 (0.7)      18.4 (0.7)                           18.4 (0.7)      18.4 (0.7)         18.2 (0.6)      18.3 (0.7)      18.4 (0.7)      18.4 (0.7)      18.5 (0.7)
  Mean (SD) body mass index (kg/m^2^)          21.7 (2.8)       21.0 (2.4)                          21.3 (2.6)      21.7 (2.8)                           22.0 (2.9)      22.3 (3.2)         21.6 (2.7)      21.5 (2.7)      21.6 (2.8)      21.7 (2.8)      22.0 (3.2)
  Socioeconomic group:                                                                                                                                                                                                                                      
   Non-manual workers at higher level          8.4 (101 055)    8.4 (18 578)                        8.0 (21 745)    8.2 (19 967)                         8.8 (21 645)    8.5 (19 120)       8.7 (20 831)    8.5 (21 521)    8.4 (24 260)    8.1 (15 945)    8.1 (18 498)
   Non-manual workers at intermediate level    19.9 (240 248)   20.0 (44 385)                       19.8 (53 536)   19.8 (48 044)                        20.2 (49 917)   19.7 (44 366)      20.4 (48 703)   20.3 (51 550)   20.0 (57 921)   19.5 (38 326)   19.2 (43 748)
   Non-manual workers at lower level           12.5 (150 285)   12.7 (28 089)                       12.4 (33 560)   12.5 (30 313)                        12.5 (31 021)   12.1 (27 302)      12.7 (30 458)   12.5 (31 682)   12.6 (36 346)   12.2 (24 109)   12.2 (27 690)
   Farmers                                     5.2 (62 283)     4.8 (10 576)                        5.3 (14 322)    5.0 (12 230)                         4.9 (12 089)    5.8 (13 066)       4.9 (11 614)    5.2 (13 131)    5.1 (14 791)    5.3 (10 330)    5.5 (12 417)
   Skilled workers                             22.2 (267 485)   22.0 (48 801)                       22.3 (60 313)   22.2 (53 795)                        22.1 (54 602)   22.2 (49 974)      22.3 (53 339)   22.1 (56 203)   22.1 (63 787)   22.3 (43 918)   22.1 (50 238)
   Unskilled workers                           23.7 (286 398)   23.4 (51 826)                       24.2 (65 534)   23.9 (57 841)                        23.3 (57 536)   23.9 (53 661)      21.9 (52 517)   23.4 (59 516)   23.7 (68 377)   24.8 (48 741)   25.2 (57 247)
   Others, not classified                      8.2 (99 387)     8.8 (19 477)                        8.1 (21 820)    8.3 (20 147)                         8.4 (20 656)    7.7 (17 287)       9.2 (21 917)    8.2 (20 936)    8.1 (23 495)    7.9 (15 551)    7.7 (17 488)
  Mean (SD) muscular strength (Newton):                                                                                                                                                                                                                     
   Hand grip                                   616 (98)         603 (97)                            611 (97)        617 (98)                             622 (98)        627 (99)           614 (96)        614 (98)        615 (98)        617 (98)        620 (100)
   Leg extension                               568 (118)        551 (115)                           560 (116)       569 (117)                            577 (118)       583 (120)          573 (118)       567 (118)       567 (117)       565 (117)       569 (118)
   Arm flexion                                 387 (85)         375 (82)                            382 (83)        388 (84)                             393 (85)        398 (86)           389 (84)        386 (85)        385 (84)        386 (84)        390 (86)

All means and proportions differed between fifths of both systolic and diastolic blood pressure (all P\<0.001).

###### 

 Incidence of mortality. Values are percentages (numbers) unless stated otherwise

  Variable                                             Total sample         Fifths of systolic blood pressure                         Fifths of diastolic blood pressure                                                                                                                                
  ---------------------------------------------------- -------------------- ----------------------------------- --------------------- ------------------------------------ ------------------ -------------------- -- ------------------ -------------------- ------------------- --------------------- ---------------------
  No of men                                            1 207 141            221 732                             270 830               242 337                              247 466            224 776                 239 379            254 539              288 977             196 920               227 326
  No of deaths                                         28 934               5560                                6946                  5705                                 5277               5446                    3943               5715                 6998                5234                  7044
  Person years at risk                                 28 998 870           5 362 383                           6 744 815             5 791 456                            5 730 368          5 369 848               5 086 070          6 046 532            7 061 373           4 927 477             5 877 418
  Incidence (95% CI) per 10 000 person years at risk   10.0 (9.9 to 10.1)   10.4 (10.1 to 10.6)                 10.3 (10.1 to 10.5)   9.9 (9.6 to 10.1)                    9.2 (9.0 to 9.5)   10.1 (9.9 to 10.4)      7.8 (7.5 to 8.0)   9\. 5 (9.2 to 9.7)   9.9 (9.7 to 10.2)   10.6 (10.3 to 10.9)   12.0 (11.7 to 12.3)
  No of deaths of known cause:                         25 360               4909                                6055                  5003                                 4643               4750                    3538               4963                 6109                4613                  6137
   Cardiovascular deaths                               12.5 (3178)          9.5 (468)                           11.9 (719)            12.6 (631)                           11.9 (553)         17.0 (807)              8.3 (293)          10.9 (543)           11.8 (720)          13.0 (600)            16.7 (1022)
   Non-cardiovascular deaths                           87.5 (22 182)        90.5 (4441)                         88.1 (5336)           87.4 (4372)                          88.1 (4090)        83.0 (3943)             91.7 (3245)        89.1 (4420)          88.2 (5389)         87.0 (4013)           83.4 (5115)
   Cancer deaths                                       14.3 (3627)          14.2 (697)                          15.2 (918)            14.1 (706)                           13.7 (638)         14.1 (668)              12.1 (428)         14.2 (706)           14.8 (902)          15.1 (697)            14.6 (894)
   Suicide deaths                                      28.7 (7266)          28.6 (1406)                         28.4 (1720)           29.0 (1450)                          30.1 (1396)        27.2 (1294)             31.5 (1116)        29.4 (1458)          28.4 (1733)         28.1 (1295)           27.1 (1664)
   Deaths from other external causes                   28.1 (7123)          31.0 (1520)                         28.2 (1706)           27.5 (1376)                          28.4 (1318)        25.3 (1203)             35.0% (1238)       29.7 (1472)          28.0 (1708)         27.0 (1247)           23.8 (1458)

Of 28 934 men who had died by 31 December 2006, cause of death was known for all 25 360 who died by 31 December 2004.

Nature of relations of blood pressures to total mortality
---------------------------------------------------------

In multivariable regression spline models, the relation of systolic blood pressure to mortality was U shaped (fig 1[](#fig1){ref-type="fig"}, top left panel). The lowest mortality was at a systolic blood pressure of about 130 mm Hg; mortality was greater with both higher and lower blood pressures. The relation of diastolic blood pressure to risk of death was monotonic and positive. The relation was marginal in the lower part of the distribution of diastolic blood pressure, but a steeper increase in risk occurred at diastolic blood pressures above about 90 mm Hg (fig 1[](#fig1){ref-type="fig"}, top right panel). The relation of mean arterial pressure to mortality was J shaped, and pulse pressure was inversely related to mortality (fig 1[](#fig1){ref-type="fig"}, bottom panels).

![**Fig 1** Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to total risk of death. Solid line represents hazard of total mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f1_default){#fig1}

Table 3[](#tbl3){ref-type="table"} shows systolic and diastolic blood pressures at specified levels of predicted risk of death from the multivariable regression spline models. If one considers a 50% higher risk to be clinically relevant, for example, such an elevated risk (compared with the risk nadir) occurred at a systolic blood pressure of about 180 mm Hg and a diastolic blood pressure of about 90 mm Hg.

###### 

 Blood pressures (95% confidence intervals) at specified levels of predicted mortality

                                 Age adjusted A models\*                Multivariable adjusted B models†       Multivariable adjusted C models‡
  ------------------------------ -------------------------------------- -------------------------------------- --------------------------------------
  **Systolic blood pressure**                                                                                  
  At lowest risk                 131 (125 to 139)                       129 (123 to 137)                       131 (124 to 139)
  At 10% higher risk             106 (98 to 110) and 153 (149 to 159)   103 (93 to 108) and 152 (149 to 157)   104 (95 to 109) and 153 (150 to 160)
  At 25% higher risk             89 (-- to 97) and 165 (159 to 174)     86 (-- to 94) and 164 (159 to 173)     88 (-- to 95) and 166 (160 to 177)
  At 50% higher risk             178 (170 to --)                        177 (170 to --)                        180 (171 to --)
  **Diastolic blood pressure**                                                                                 
  At lowest risk                 30 (-- to 39)                          30 (-- to 46)                          30 (-- to 47)
  At 10% higher risk             40 (-- to 46)                          57 (-- to 60)                          62 (53 to 66)
  At 25% higher risk             55 (52 to 57)                          82 (81 to 84)                          85 (83 to 86)
  At 50% higher risk             81 (80 to 83)                          90 (89 to 91)                          92 (91 to 94)
  At 100% higher risk            92 (91 to 94)                          97 (95 to 100)                         99 (97 to 104)

\*Multivariable regression spline models adjusted for age.

†Adjusted for age, conscription date, and conscription centre.

‡Similar to B with additional adjustment for socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength.

Population attributable fractions of mortality due to suboptimal blood pressures
--------------------------------------------------------------------------------

We calculated population attributable fractions of mortality by using threshold levels of blood pressure corresponding to the specified risk levels from C models in table 3[](#tbl3){ref-type="table"}. When we used blood pressure levels indicating 10% higher risks, the population attributable fraction due to systolic blood pressures below 104 mm Hg or above 153 mm Hg corresponded to 0.4% and the population attributable fraction due to diastolic blood pressures above 62 mm Hg was 20.1%. The population attributable fraction of all deaths due to a combination of these blood pressure levels was also 20.1%. Corresponding population attributable fractions for blood pressure thresholds indicating 25% higher risks (systolic blood pressure below 88 or above 166 mm Hg; diastolic blood pressure above 85 mm Hg) were 0.1%, 1.9%, and 1.9%.

Quintile models
---------------

Mortality was similar in the lowest and highest fifths of systolic blood pressure, with a lower risk in between (table 4[](#tbl4){ref-type="table"}). The risk of death was lowest in the lowest fifth of diastolic blood pressure, with gradually higher risks in higher fifths (table 4[](#tbl4){ref-type="table"}). The spline models indicated a risk threshold at a diastolic blood pressure of about 90 mm Hg, which the quintile models were too crude to capture.

###### 

 Cox proportional hazard ratios (95% confidence intervals) for mortality, comparing fifths of blood pressures with lowest

fifth

                                 Age adjusted A models\*   Multivariable adjusted B models†   Multivariable adjusted C models‡
  ------------------------------ ------------------------- ---------------------------------- ----------------------------------
  **Systolic blood pressure**                                                                 
  80-119 mm Hg                   1                         1                                  1
  120-125 mm Hg                  0.96 (0.93 to 1.00)       0.96 (0.92 to 0.99)                0.95 (0.92 to 0.98)
  126-130 mm Hg                  0.97 (0.93 to 1.00)       0.97 (0.94 to 1.01)                0.96 (0.93 to 1.00)
  131-138 mm Hg                  0.94 (0.91 to 0.98)       0.96 (0.92 to 0.99)                0.95 (0.91 to 0.99)
  139-184 mm Hg                  0.99 (0.95 to 1.03)       1.00 (0.96 to 1.04)                0.98 (0.95 to 1.02)
  **Diastolic blood pressure**                                                                
  30-59 mm Hg                    1                         1                                  1
  60-65 mm Hg                    1.07 (1.02 to 1.11)       1.02 (0.98 to 1.06)                1.01 (0.97 to 1.06)
  66-70 mm Hg                    1.09 (1.05 to 1.14)       1.04 (0.99 to 1.08)                1.02 (0.98 to 1.07)
  71-76 mm Hg                    1.15 (1.10 to 1.20)       1.08 (1.04 to 1.13)                1.06 (1.02 to 1.11)
  77-120 mm Hg                   1.24 (1.20 to 1.29)       1.15 (1.11 to 1.20)                1.12 (1.07 to 1.17)

\*Multivariable regression spline models adjusted for age.

†Adjusted for age, conscription date, and conscription centre.

‡Similar to B with additional adjustment for socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength.

Nature of relations of blood pressures to cause specific mortality
------------------------------------------------------------------

During follow-up until 31 December 2004, 25 360 (2.1%) men died. Of these, 3178 (12.5%) participants died of cardiovascular diseases, with an incidence of 1.2 (1.2 to 1.2) per 10 000 person years at risk, and 22 182 (87.5%) died of non-cardiovascular causes, giving an incidence of 8.3 (8.2 to 8.4) per 10 000 person years at risk. Among the non-cardiovascular deaths, 7266 (28.7% of all deaths) were due to suicide (incidence 2.7 (2.7 to 2.8) per 10 000 person years), 3627 (14.3%) were due to cancer (incidence 1.4 (1.3 to 1.4) per 10 000 person years), and 7123 (28.1%) were due to other external causes (incidence 2.7 (2.6 to 2.7) per 10 000 person years at risk).

In multivariable regression spline models, the relations of systolic, diastolic, mean arterial, and pulse pressures to cardiovascular mortality were mainly monotonic and positive (fig 2[](#fig2){ref-type="fig"}), with little or no relations seen in the lower parts of the distributions. The relations of systolic, diastolic, mean arterial, and pulse pressures to non-cardiovascular mortality (fig 3[](#fig3){ref-type="fig"}) were almost identical to their relations to total mortality. Subdividing the non-cardiovascular death causes further showed little or no relation of blood pressures to mortality due to cancer or suicide (figs 4[](#fig4){ref-type="fig"} and 5[](#fig5){ref-type="fig"}); however, we found inverse relations of systolic, mean arterial, and pulse pressure to mortality from other external causes (fig 6[](#fig6){ref-type="fig"}).

![**Fig 2**  Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to cardiovascular mortality. Solid line represents hazard of cardiovascular mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f2_default){#fig2}

![**Fig 3**  Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to non-cardiovascular mortality. Solid line represents hazard of non-cardiovascular mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f3_default){#fig3}

![**Fig 4**  Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to cancer mortality. Solid line represents hazard of non-cardiovascular mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f4_default){#fig4}

![**Fig 5**  Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to risk of death from suicide. Solid line represents hazard of non-cardiovascular mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f5_default){#fig5}

![**Fig 6**  Relations of systolic (top left), diastolic (top right), mean arterial (bottom left), and pulse (bottom right) pressures to risk of death from other external causes. Solid line represents hazard of non-cardiovascular mortality and dashed lines are 95% confidence interval limits, from multivariable regression spline Cox proportional hazards C models (adjusted for age, conscription date, conscription centre, socioeconomic position, body mass index, elbow flexion, hand grip, and knee extension strength). Y scale is logarithmic](sunj778654.f6_default){#fig6}

Secondary analyses
------------------

We investigated threshold levels of blood pressure applicable in middle aged and older people. A systolic blood pressure at or above 140 mm Hg compared with below 140 mm Hg yielded a hazard ratio for total mortality of 1.02 (95% confidence interval 0.99 to 1.05) in model C. A diastolic blood pressure at or above 90 mm Hg compared with below 90 mm Hg was more strongly related to total mortality, with a hazard ratio of 1.35 (1.26 to 1.45) in model C. The population attributable fraction of all deaths due to systolic blood pressures above 140 mm Hg corresponded to 0.4%, that due to diastolic blood pressures above 90 mm Hg was also 0.4%, and that due to a combination of these blood pressure levels was 0.5%.

We investigated relations of combinations of systolic and diastolic blood pressures to total mortality (web extra fig B). Most of the relation of systolic blood pressure to mortality seemed to be driven by results in the stratum with diastolic blood pressure above the median. Similarly, most of the relation of diastolic blood pressure to mortality was driven by the relations in the stratum with systolic blood pressure above the median.

In secondary models starting follow-up five years after the date of conscription, 24 911 (2.1%) of 1\<thin197 989 men died. Relations of systolic and diastolic blood pressures to mortality were similar to those in the primary sample (data not shown).

In the sample of 39 526 men with available data on smoking, 829 (2.1%) died during a median of 24.2 years of follow-up. Adjustment for smoking did not materially affect the relations, and confidence intervals were wide and could accommodate relations such as those in the total sample (data not shown).

We found no deviation from proportionality of hazards. Owing to the large sample size, some product terms with the highest fifths of blood pressure were statistically significant (systolic blood pressure\*body mass index, systolic blood pressure\*conscription date, and diastolic blood pressure\*body mass index). Web extra figure C shows stratified quintile models. We found no interaction with smoking (all P\>0.13).

Discussion
==========

In this nationwide cohort study of more than 1.2 million young men with up to 37 years of follow-up, the relation of diastolic blood pressure to total mortality was stronger than that of systolic blood pressure, in terms of both magnitude of predicted risk and population attributable fraction of mortality. The relation of diastolic blood pressure to mortality was monotonic and positive, with an apparent risk threshold around a pressure of about 90 mm Hg. The relation of systolic blood pressure to mortality was U shaped, with the lowest risk at a pressure of about 130 mm Hg. The relations of both blood pressures to cardiovascular mortality were positive and monotonic, but their relations to non-cardiovascular mortality were similar to the relations to total mortality and were driven by inverse relations of systolic blood pressure to risk of death from external causes. The relations seen were not explained by measured covariates or reverse causality.

Association of blood pressure in late adolescence with cardiovascular mortality
-------------------------------------------------------------------------------

Relations of systolic and diastolic blood pressures to risk of cardiovascular events have been reported in samples of college students and young industrial workers,[@ref9] [@ref10] [@ref11] as well as in the cohort studied here.[@ref12] The described relations are similar to those seen in samples of middle aged and older people and are congruent with the observations of our study.

Blood pressure levels in adolescence are strongly associated with blood pressure levels in later life,[@ref17] and high blood pressure in young people is explained by the same factors as in older adults---for example, obesity and physical inactivity.[@ref18] The pathways underlying the observed relations of high systolic and diastolic blood pressure in adolescence to subsequent cardiovascular mortality are most likely to be the same ones that are at work in adults, including left ventricular hypertrophy and coronary atherosclerosis,[@ref19] [@ref20] [@ref21] supported by the observation that blood pressures were positively related to cardiovascular mortality in our study.

Isolated diastolic hypertension is more common in obese people,[@ref22] and Swedish military conscripts have become increasingly obese during the past decades.[@ref23] Increases in blood pressure in US children and adolescents during these decades have been partly attributed to a simultaneous increase in the prevalence of overweight,[@ref24] but opposite relations reported from other repeated surveys illustrate the fact that the relations of blood pressure and trends in overweight need more research.[@ref25] We have accounted as far as possible for the influence of body composition on the observed relations by adjusting for body mass index and muscle strength and for temporal trends in body mass index by adjusting for date of conscription.

Association of blood pressure in late adolescence with non-cardiovascular mortality
-----------------------------------------------------------------------------------

Because cardiovascular disease is the underlying cause of a small minority of deaths in young and middle aged people,[@ref26] investigating relations to total mortality and other causes of mortality in this age group is important. The mechanisms behind the U shaped relations of systolic blood pressure to total mortality and non-cardiovascular mortality are intriguing.

Confounding by bodily constitution is possible. People with sustained hypotension differ from others in several respects,[@ref27] and a low body mass index is often described. In our study, the higher non-cardiovascular mortality seen in men with low systolic blood pressure was independent of body mass index and muscle strength, and the higher mortality was not confined to people with very low blood pressure but was graded and evident also in those with low-normal blood pressure.

Low habitual systolic blood pressure has been associated with poor social, physical, and mental wellbeing,[@ref28] as well as with a higher prevalence of anxiety and depression.[@ref29] The relations seen were not affected by adjustment for socioeconomic position, but residual confounding by social status or related factors is possible. Suicide is a major cause of death in young people,[@ref26] but the relation of low systolic blood pressure to non-cardiovascular mortality seen in our study was not explained to any major extent by death from suicide.

In some previous studies,[@ref30] [@ref31] a U or J shaped relation of blood pressure to mortality has been observed during the first years of follow-up, with a linear relation seen over longer time periods. This is congruent with reverse causation---that is, that pre-existing illness explains both the low blood pressure and the impending death. The likelihood of reverse causation as a major explanation in this study is low because of the low prevalence of underlying disease at this age, because severe physical or mental handicap and chronic disease were legal reasons to be exempted from the conscription examinations, and because results were almost identical in analyses excluding the first five years of follow-up. Furthermore, death from cancer was not a major explanation for the U shaped relation.

Possible causal mechanisms may also be considered. Constitutionally low blood pressure has been associated with diminished cognitive performance, mainly involving attention and reaction time.[@ref32] [@ref33] Impaired brain perfusion due to the low blood pressure or carotid baroreflex abnormalities explaining both low blood pressure and low cortical arousal have been implicated.[@ref33] Accidents are an important cause of death in this age range.[@ref26] This pathway may be considered as a potential explanation for our observations, as lower systolic, mean arterial, and pulse pressures were associated with higher risk of death from external causes.

Another conceivable, but unlikely, causal mechanism is syncope. Constitutional hypotension is an infrequent cause of syncope,[@ref34] but syncope associated with low blood pressure has an adverse prognosis.[@ref35] This pathway would also be congruent with the higher risk of death from external causes seen in our study.

The relation of diastolic blood pressure to non-cardiovascular mortality cannot be explained by further subdividing the causes of death and so remains to be elucidated. Misclassified cardiovascular deaths or causes of death too infrequent to be studied separately may contribute to this relation.

Strengths and limitations
-------------------------

Limitations of the study include an unknown generalisability to women and ethnic groups other than white European and the measurement of predictors on only one occasion. Men with higher blood pressures at baseline are more likely to have developed sustained, possibly treated, hypertension during follow-up; such information is lacking in this study. Some non-differential misclassification bias due to rounding of blood pressure values will, if anything, have slightly attenuated the associations. The procedure of re-measuring very high and very low blood pressures may have reduced the risk of chance findings. Residual or unmeasured confounding may exist. In particular, a very limited sample with information on smoking rendered the models adjusted for smoking imprecise. Even if the observed U shaped relations could partly be explained by confounding, they were robust across several analyses and represent important knowledge, as blood pressure and prevention guidelines do not differentiate between reasons for having a particular blood pressure.

The obvious advantage of the study is the very large sample size, which for the first time has enabled high precision analyses of relations of blood pressures to mortality in such a low risk sample. Variation in blood pressure due to exposure to environmental factors or pre-existing illness is probably low in this sample because of the low age. Furthermore, the participants were examined in a narrow age range, circumventing the considerable effects of ageing on blood pressure levels and mortality. Age was also accounted for by use of age as the timescale in the Cox models. Another strength was the use of splines. Several sources of bias were minimised in this study because of the cohort study design, the extremely high attendance rate (conscription examinations were mandatory by law), the use of a standardised protocol for blood pressure and anthropometric measurements, and the use of official registries for assessment of socioeconomic status and of the outcome. Because of the tracking of all Swedish citizens with personal identification numbers, loss to follow-up for reasons other than emigration is virtually non-existent.

Conclusions
-----------

In this very large sample of adolescent men, diastolic blood pressure was a more important marker of risk of death than was systolic blood pressure. A risk threshold was apparent at a diastolic blood pressure of about 90 mm Hg. This level corresponds to the diagnostic level for hypertension in adults and in the oldest male age group in the US paediatric hypertension guidelines,[@ref36] but neither those guidelines nor guidelines for adults are congruent with the U shaped association of systolic blood pressure with mortality seen in this study. The lowest risk was at a systolic blood pressure of about 130 mm Hg. Both lower and higher optimal blood pressures have been reported in other settings,[@ref37] [@ref38] but the pattern is not clear. The optimal systolic blood pressure may be age dependent, and it may depend on pre-existing illness. Further studies aiming to elucidate optimal blood pressure levels in different age groups and risk settings are needed, and research to find an explanation for U shaped relations, mainly to non-cardiovascular mortality, is warranted.

On a clinical note, precise definitions of blood pressure thresholds for risk prediction in adolescents should be discussed in the light of observations in several samples from several countries. Furthermore, what is viewed as a "safe" blood pressure from a risk perspective will probably differ between countries. We have therefore provided blood pressure levels corresponding to a few specific risk elevations (table 3[](#tbl3){ref-type="table"}), for decision makers to use in such discussions.

Because of trends of increasing blood pressure in adolescents,[@ref14] and a recent recognition of the importance of developing strategies for early risk detection and preventive efforts at young ages,[@ref8] [@ref13] these observations may have important public health implications.

### What is already known on this topic

1.  High blood pressure is the most important risk factor for premature death globally, and blood pressure in adolescents is increasing

2.  Because mortality is low in adolescents, previous studies have not been powered to investigate relations of systolic and diastolic blood pressures in adolescence to mortality

### What this study adds

1.  In 1 207 141 adolescent men, the relation of diastolic blood pressure to mortality risk was stronger than that of systolic blood pressure

2.  The relation of diastolic blood pressure to mortality had a threshold at about 90 mm Hg, whereas the relation of systolic blood pressure to mortality was U shaped, with a nadir at about 130 mm Hg
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